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TECHNICAL NOTE 3753

AFRODYRAMTIC CHARACTERTSTTCS AND FLYING QUALITIES OF A
TATTIRSS TRIANGULAR-WING ATRPLANE CONFIGURATION AS
OBTATNED FROM FLIGHTS OF ROCKET-PROPELLED MODELS

AT TRANSONIC AND LOW SUPERSONIC SPEEDSL

By Grady L. Mitchem, Joseph E. Stevens,
and Harry P. Norris

SUMMARY

A flight investigation has been made at the Langley Pllotless Alr-
creft Research Statlon at Wallops Island, Va., to determine the aero-
dynamic characteristlcs of models of a tallless trlangular-wing airplane
configuration. The results from three successful flight tests are pre-
sented for the Mach mmber range between 0.75 and 1.28.

The data showed that the models tended to tuck umder slightly
through the transonic region. The varistion of 1ift coefficlent with
angle of attack was linear within the range of angles tested and the
lift-curve slope increased gradually between Mach mmbers of 0.88
end 1.00.

The hinge-moment coefflclents Increased rgpidly between Mach num-
bers 0.85 and 1.15 but showed a gradual decrease sbove a Mach mumber
of 1.20. Elevator effectiveness decreased spproximstely 40 percent
through the transonic reglon.

The models exhibited static and dynamic longitudinal stability
throughout the test Mach mumber range with the center of gravity locsated
at 20 and 25 percent mean aerodynamic chord. The serodynamlic center
showed a gradusl rearward movement of sbout 15 percent mean aerodynamic
chord in the transonic region. All the models possessed directional

stebllity throughout the angle-of-attack and speed ranges of the flight
tests.

1Su;persed.es recently declassified NACA Research Memorandum
19107, 1950.
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An analysis of the flying qualities of a full-scale configurabtion
has been made from the deta cbtalned from the three flight~test models.
The analysis indicates adequate eleveator control for trim in level
flight over the speed range investigated. Through the transonic range
there is a mild trim change with a slight tucking~under tendency. The
elevator-control effectiveness in the supersonic range is reduced to
about one-half the subsonlc value, although sufficient control for maneu-
vering is availeble es indicated by the fact that 10° elevator deflection
would produce 5g normal acceleration at a Mach mmber of 1.2 at an alti-
tude of 40,000 feet. The elevator comtrol forces are high and indicate
the need of a control-boost system as well as the power required of such
a system. The damping of the short-period osclllation 1s adequate at
sea level and at 40,000 feet.

INTRODUCTION

The National Advisory Commlittee for Aeronautics is conducting a
flight investigation of rocket-propelled models of a tallless triangular-
wing elrplane configuration to evaluete stebility and conmiprol at
low supersonic end tramsonic speeds. Results cbtained from the success-
ful flight tests of three models served as a basls for the analyses pre-
sented in this peper.

For the flight tests of the models, the progrem for control move-
ment Included abrupt pull-ups and push-downs with the elevoms operated
as elevetors. The present paper contains the results of an emalysis of
the aerodynamic characteristics and the stebility derivatives evaluated
from the flight tests of the three rocket-prdpelled models and an anal-
ysis of the flying quellities of such en alrplane in the Mach mmber
range from 0.75 to 1l.2. The flying qualities are based on an assumed
triangular-wing alrplsne with a wing loading of 27.3 pounds per square
foot at sea level and at a 40,000-foot altitude. The computations are
based on two center-of-gravity positions, 20 and 25 percent of the mean

aerodynamic chord.

SYMBOLS
A amplitude of a short-period oscillation
a velocity of sound, ft/sec

ay longlitudinal eccelerometer reading, ft/sec2
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normal accelercmeter reading, fb/seca

transverse accelerometer reading, ft/sec2

cycles for short-period oscillation to damp to one-half
amplitude

chord—~force coefficlent, positive In a forward directionm,

Wi
g€ 8q

»

total hinge-moment coefficlent

rate of change of hinge-moment coefficilent with angle of
_attack, per degree

rate of change of hinge-moment coefficient with elevator
deflection, per degree

basic hinge-moment coefficlent at zero angle of attack and
zero elevator deflection

11ft coefficlent, Cy cos a + C, sin

rate of change of 1ift coefficlent wlth angle of atbtack,
per degree .

rate of change of 1ift coefficient with elevator deflection
for a constant engle of attgck, per degree

trim 11t coefficient

rate of change of total 1ift coefficlent between two trim
conditions or elevator deflections, per degree

pltching-moment coefficlent

basic untrimmed pitching-moment coefficlent at zero angle of
attack and zero elevator deflection

rate of change of pltching-moment coefficient with elevator
deflection for constant angle of attack, per degree

rate of change of pitching-moment coefficient with angle of
attack, per degree
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rate of change of pltching-moment coefficient with plitch
angle
acm , per radian

normal ~-force coefficlent, a—sn- g %‘-

mean aerodynsmic chord, 2.19 ft

distance between center of pressure of angle-of-attack vane
and center of gravity of model, ft

rate of change of elevator deflection with angle of attack
(due t6 flexibility of control system)

e

rate of change of pltching-moment coefflcient with 11ft
coefficient

stick force, 1b
acceleration due to gravity, 32.2 ft/sec?

hinge moment, in-I1b; total impact pressure (eqs. (1) and (2)),
1b/sq £t

moment of inertis sbout pitch exls, slug-£t2
constant

Mach mmiber

mass of model, lb-sec2/ft

period of an osclllation, sec

free-stream static pressure, 1b/sq ft

dynamic pressure, szﬁ, 1b/eq £t
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Reynolds mmiber, -ilf-

wing area, 6.25 sq ft

time to damp to one-~half amplitude, sec
time from launching, sec

velocity, £t/sec

weight of model, 1b

stick movement, in.

angle of attack corrected for flight-path curveture and
angular veloclty, deg

angle of attack as measured during flight, deg

trim angle of attack, deg

nondimensional rate of change of angle of attack
rate of change of angle of attack with elevator deflection
between two trim conditions

control deflection measured on chord line parallel to the
plane of symmetry (positive with trailing edge down), deg

trim elevator deflection, deg
specific-heat ratio (value teken as 1.40)
pltch angle, deg

nondimensional angular veloclity of pitch

viscosity, slug/ft-sec

mass density of alr, slugs/cu £t
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Subscripts:

1,2 conditions brought sbout by change in elevator deflection (see
fig. 39)

8 full-scale airplane

m model

Dots over a quantity represent derivatives of the quantity with
respect to time.

MODELS AND APPARATUS

The models had a wing of triangular plan form with 60° sweepback of

the leeding edge and an aspect ratio of 2.31, the profile at all spanwlse
stations being an NACA 65(06)-006.5 section. Iongltudinel control wes

provided by a single set of comstant-chord tralling-edge comtrol surfaces
on the wing called elevons. Deflecting the elevoms .together provides
longitudinal control and, in the assumed alrplane, deflecting them dif-
ferentially would give laterasl control. The vertical fin of the models
was of triengular plan form with a leading-edge sweepback of 60°.

A three-view drawing of the models used in the present investigation
is glven in figure 1 and the physical characteristics of the models and
e full-scale representative tallless triangular-wing airplane are pre-
sented in teble I. Photographs of one of the models are shown 1n figures 2
and 3. The model fuselage and components were comstructed of duralumin,
megnesium castings, and magnesium skin. The fuselage construction was of
the monocoque type divided into three sections. The three sections were
the nose section which held the telemeters, the center sectlion which held
the wings, vertical fin, compressed-air supply, and comtrol-ectuating
system, and the tail section which contalned the rocket motor and booster
attachment.

The plammed movement of the elevons called for ebrupt pull-ups and
push-downs operating at a frequency of sbout 1 cycle in 1.2 seconds and
wes accomplished by a compressed-alr system. The control surfaces, which
were unsealed, moved together between stops in an spproximately square-
wave motion. On model 1 the surfaces were deflected down 5.3° and up 5.3°;
on model 2 the deflection was down 4.7° and up 4.7°; and on model 3 the
deflection was down 1.1° and up 5.2°. The controls were in operation
during the entire flight.

The models were boosted to supersonic speeds by a solid-fuel, 6-inch-
diameter Deacon rocket motor which is capeble of producing an aversge
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thrust of 6,500 pounds for spproximately 3.1 seconds. The rocket-
sustalner motor for the model was a 5-inch solid-fuel high-velocity air-
craft rocket shortened to 17 inches and modified to give an average
thrust of 900 pounds for l.4 seconds. The small sustainer motor served
& two-fold purpose: (1) during the power-on portion of the flight it
prevented immediate deceleration after separation and allowed the con-
trols to operate one complete cycle at approximately a constant Mach
mmber, and (2) it assured a positive separation between model and booster
at booster burnout. The sustainer-motor nozzle served as the point of
attachment of the booster to the model. This type of attachment also
allowed a separation of the booster from the model if the ratio of drag
to welght of the model and booster were favoreble.

The booster-model combinstion was ground launched from a crubtche
type launcher, as shown in figure 4. The angle from the hori-
zontal for model 1 was 43°L40', for model 2 was 44°40', and for model 3
was 43°23'. Teble IT presemts the weight and balance data for the models

and the full-scale alrplene. Figure 5 shows a sequence of photographs
of one booster-model combination at take-off.

The data from the flights were cbtalned by the use of telemeters, CW
Doppler velocimeter radar, photography, and radiosondes. The time his-~
tories of the data as the models traversed the Mach mmber range were
transmitted and recorded by a telemeter system which gave eight chammels
of information. The data recorded were longitudinal, transverse, and
normal acceleration; hinge moment; comtrol position; angle of attack;
total pressure; and a reference static pressure used to determine free-
streem static pressure. Figure 6 shows the instrumentation arrangement
on & typical model. Angles of attack were obtained by a vane-type angle-
of-attack indicator located on a sting ahead of the nose of the model.

A description of this Indicator can be found in reference 1. The angle-
of-attack range covered by the indicator with the vane located on the
center line of the model was approximstely #15°. On model 3 the angle-
of-attack sting was deflected down 10° from the center line of the model
in order to record higher positive values of angle of attack. Figure T
shows a photograph of model 3 equipped with the deflected sting. Fixed
wide-angle cemeras and 16-millimeter motion-picture cameras recorded
the leunchings. The motion-plcture cameras elso tracked the flights.

TEST TECHNIQUER

The models were disturbed in pitch by the abrupt movement of elevons
operated as elevators at preset time intervals which gave an approximately
square-wave type of elevator motion. The desired aerodynemic coefficilents
and longitudinal-stebility derivatives were obtained by analysis of the
hinge moments, angle of attack, and acceleration responses resulting from
these cyclic dlsturbances.
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BASIS OF ANATYSTS

The aerodynemic coefficients, stebility derivatives, and flying
qualities presented iIn this paper were reduced from the model flight

data. Specifications for satisfactory flying quelities based on military

requirements and those of reference 2 have been used in this analysis.
Inasmuch as these specifications are restricted to subsonic speeds and
the current renge of interest is in the transonic speed range, no
detailed step-by-step comparison with these specifications has been
attempted. Figures 8, 9, and 10 are typical portions of the recorded
time histories at low supersonic, tramnsonic, and high subsonic veloeci-
tles. The variations in stebility and control effectiveness through
the Mach mmber test range can be seen In these figures by comparing

the periods and amplitudes of the short-period longitudinal oscillations.

A discussion of the methods used in reducing these data from the time-
history records to the parsmeters presented. in this paper is given in
the appendix. The Reynolds mmber and the Mach mumber ranges of the

models and of the representative full-scale airplane are shown in figure 11.

RESULIS AND DISCUSSION
Aerodynamic Coefficlents and Stabillty Derlvatives

ILift.- The 11ft data are presented in the form of lift-curve
slope cIu for various Mach mmbers (fig. 12) as obtained from two

models of the same configuration but having different center-of-gravity
locations and different welghts. The range of angle of attack in which
data were considered for determining ch, was 1'.L5°. The 1ift coeffi-

clent varied linearly with angle of attack in this range. As indicated
in figure 12, GLb. increased approximately 25 percent from the lowest

test Mach number (M = 0.88) to a Mach mmber of 1.00 and then decreased
approximately 15 percent from M = 1.00 to M = 1.20. The increase in
lift-curve slope in going through the transonic reglon was evident for .
both models. Unpublished data obtained from wind-tunmnel tests of a
similar model for both high subsonic and low supersonic veloclties have
also been plotted in figure 12.

Trim 1i1ft coefficlent.~ The variation of trim 1ift coefficlent GI m

with Mach nmumber at different elevator deflectlions for model 1 1s shown
in figure 13(a) and for models 2 and 3, in figure 13(b). Different ele-
vator sebttings for models 2 and 3 confirmed the assumption that cI‘br:lm

varied linearly with elevator deflection. These plots show an inherent

A¥]

=)

1
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characteristic of the model configuration to trim at negative 1ift coef-
ficlents between Mach mmbers of 0.90 and 1.08. This was due to a basic
untrimmed pitching-moment coefficlent 0"’0 for the alrplane at zero

angle of attack and zero elevator deflection. Figure 14 shows a plot
of cmo as a function of Mach mmber. The asymmetry of the model con-

figuration due to the vertical tail and the upswept rear of the body
would indicate an expected positive cmo vhlch was not in accord with

test results. This negative trend of figure 1}, however, does agree
with the data of reference 3.

Change of trim 1ift coefficlent with respect to elevator deflection.-~
The rate of change In trim 11ft coefflclent with respect to elevator
deflection cLaf.r:Lm i1s shown as a function of Mach mumber in figure 15

for models 1, 2, and 3. As would be expected, the values of Cj

for model 1 with the center of gravity at 25 percent mean aerodynamic
chord were larger than those of models 2 and 3 with the center of gravity
at 20 percent mean aerodynemic chord. Within the Mach mumiber range
covered by the tests, C; remained falrly comstanmt up to M = 0.86

at which point an sbrupt reduction from 0.049 to 0.029 occurred
between M = 0.86 end M = 1.00. A further decrease from 0.029 to 0.015
occurred in Cp between M = 1.00 and M = 1.28.

~moment coefficlents.- The variations of hinge-moment coeffi-
clents with angle of attack and with elevator deflection are both plotted
as functions of Mach mmber in figure 16. The data poinmts shown are for
models 1 and 3. The theoretlical points shown on the plot were calculated
for a comstant-chord partlel-span control surface on & thin triangular
wing as described in reference 4.

Calculations were made to determine the effect of elevon inertia
on the hinge-moment coefficlents. An extreme case showed the magnitude
of the error to be negligible. Therefore, no such correction was applied
to the data. Correctlons were applled to elilminate the effect of phase
lag between the hinge-moment coefficlent and angle-of-abtack curves and
the effect of osclllations in elevon deflectiomn due to angle-of-attack
changes. Hinge-moment coefficlents plotted as functions of angle of
attack at a constant Mach number indicated that the variation was linear
in the range covered by the tests (a = %15°).

Figure 16 shows that ehu. increases from -0.008 at M = 0.85
to ~0.024k at M = 1.20. A corresponding increase from -0.015 to -0.037
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1s shown for Cp, between M=0.85 eand M = 1.05. Both curves indi-
cate & gradual decrease in the low supersonic region.

The value of the basic hinge-moment coefficient at zero angle of
attack and elevator deflection Oho is shown as a function of Mach num-

ber in figure 17. The basic hinge-moment coefficlent Oho shows &

reversal from positive to negative values at M = 0.95 and a tendency
in the low supersonic region to return to positive values. The varia-
tion of hinge-moment coefficient with elevator deflection was assumed

to be linear in the solution of cj,o.

Control effectiveness.- A characteristic of the elevator used on
the models can be- seen in the plot of change In 1lift coefficient per
degree of elevator deflection cI‘B as a function of Mach nmmber (fig. 18).

The parameter GLB reaches a value of 0.022 at a Mach mumber of 0.96

and decreases to a value of 0.010 at M = 1.17, a reduction of about
55 percent through this speed range. Values of CI‘B are conteined in

reference 3 and show good agreement with the flight-test values obtained
in the high subsonic and low supersonic reglons.

Two more parameters of longltudinal control effectiveness for this
configuration are shown in figures 19 and 20, change in trim angle of
aettack per degree of elevator deflection (%‘) , and change in

pltching-moment coefficient per degree of elevator deflection cmB’

both shown as functions of Mach mmiber. These two plots indicate an
sbrupt decrease in control effectiveness of the elevon between M = 0.90
and M = 1.00. This reduction is of the order of 25 percemt for (!m6

and 35 percent for (2%’) . JAbove a Mach muber of 1.00 the curves

indicate a further gradual decrease in longltudinal control effective-
ness to M = 1.28, the highest Mach mmber reached by the flight tests
(-0.015 at M = 0.9 and -0.009 &t M = 1.28). Values of Cp, Were

determined for the engle-of-ettack remge between 10° and -8°.

The effect of center-of-gravity locatlon 1s apparent in both plots
by the relative displacement of results cbtailned from model 1 with the
center of gravibty at 25 percent mean aerodynamic chord and from models 2
and 35 with the center of gravity at 20 percent mean aerodynamic chord.
The more rearward location of the center of ty reduced the value

of c‘"a and. increased the magnitude of (%g,tr:hn
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Iongitudinal stebility.- When the controls are moved up and down in
a square-wave type of motion, corresponding changes are produced in angle
of attack and normal acceleretion. The stability of the configuration
is Indicated by the period and the rate of decay of the short-period lon-
gltudinal oscillation when the controls are held fixed between pulses,

The values of the period of the short-period oscillation induced by
this ebrupt control movement as determined from the time-history records
are presented in figure 21 to show the variation of the period with Mach
number for the models. The period decreased, a stebility increase being
indicated, from a Mech nunber of Q.7T5, the lower test limlt, to epprox-
imately M = 0.95. Above this speed the period continued to decrease
but at a much more gradual rate up to M = 1.28, the upper limit of the
speed range covered by the flight tests. The period for model 1 weas
greater than that for models 2 and 3 throughout its test range as would
be expected since the center of gravity of model 1 was 5 percent of the
mean aerodynamlc chord behind the center-of-gravibty location for models 2
and 3. .

The static-longitudinal-~stebility perameter in the form of the change
in pitching-moment coefficlent with respect to & change in angle of
attack Cn, 1s shown as a function of Mach mmber in figure 22 for Cj,

values between £0.30. The determination of cmm involved the use of

the period of the short-period osclllations as a primary factor. The
value of Cma’ indreased from a minimm of -0.0095 at M = 0.85 to a

meximm of -0.0162 at M = 1.15 for models 2 and 3 with the cemter of
gravity at 20 percent mean aerodynsmic chord. Arn investigation of the
change in cmm due to a 5-percent change in center-of-gravity location

shows thet cma. for model 1 is lower than would be expected from a com-
parison with models 2 and 5. Date concerning the evaluation of cma

vere carefully rechecked and there were indications that the seemingly low
values of Cp, Wwere due to accumulative errors within the accuracy of

determining the physical characteristics used to calculate this parameter.

Flgure 25, a plot of aerodynsmic-center position against Mach number,
also indicates the varilation of the statlic longitudlnal stebility. The
aerodynamic center moved very gradually from & minimm of 42 percent of
the mean aerodynsmic chord et a Mach mmber of 0.80 to a maximm of
54 percent of the mean aerocdynamic chord at a Mach mumber of 1.15. The

aerodynamic-center positions for model 1, howe'ver, were 2% percent of

the mean aerodynamic chord ehead of models 2 and 3. The more forward
eserodynemic-center locations for model 1 were & result of the low values
of Cma obtained for this model. This difference, however, is within

the accuracy of aerodynamlc-center location usually obtained from flight
and wind-tunnel data.
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The three parameters discussed in the preceding paragraphs (period,
Cmg, &nd aerodynamic-center position) show that the static longttudinel

sbab:l.li‘i:y of this configuration increased through the transonic region
from a minimm value at about M = 0.82 +t0 a maximm value at M = 1.15.

A qualitative evaluation of the dynamic stebility may be made by
inspection of the damping of the short-period oscillation induced by
the abrupt control movement. Damping 1s represented by the param-
eter '1'1/2, the time required to damp to one-half amplitude, and is pre-
sented in figure 24 as it varies with Mach number. Since the flight-
test models were not dynemic-scale models, the results presented in fig-
ure 24 are appliceble to the full-scele airplane only after corrections
are applied. Models 2 and 3 with the center of gravity at 20 percent
mean aerodynamic chord showed more repld demping characteristics than
model 1 with its center of gravity at 25 percent mean aerodynamic chord.

The total damping factor cmé.é+ s=, which 18 a measure of the

oF av
dynemic stabllity of the cunﬁgurg‘gion expressed nondimensionelly, 1is
presented in figure 25 as a function of Mach number. Model 1 with the
more rearward center-of-gravity location indicated less tendency to demp
throughout the flight-test speed range then did models 2 and 3.

It will be noted that there is considerable scatter in the damping
data. This type of scatter may also be expected for full-scale alrplane
conditions inasmich as the present data were cobteined in free flight and
all the aerodynamlic factors that affect demping were properly integrated
into the motion of the models.

Directional stebllity.- Only models 1 and 2 were instrumented to
obtain transverse accelerations. Model 2 apparently had some directional
asymetry that caused i1t to develop a small positive side force through-
out the flight. This effect approximately doubled at Mach mmbers
below 0.90. Model 1 did not exhibit any such consistent side-force
variation, the side forces on model 1 resulting from en occasional dis-
turbance. Nelther model showed divergence nor continuous oscillations;
thus, positive directionel stebility was indicated.

Flying Qualities

tudinal trim characteristics.- The longltudinal trim charac-
teristics of the configuration are as follows:

Trim angle of attack: The angle of attack for trimmed level flight
required for this configuration is presented as a function of Mach mm-
ber in figure 26. Curves are shown for center-of-gravity locations at



NACA TN 3755 15

20 and 25 percent of the mean aerodynamic chord for both sea-level flight
and flight at an altitude of 40,000 feet. The trim angle of attack shows
a8 consistent small decrease with increasing speed except in the region
between M = 0.90 and M = 0.95.

Control position for trim: The characteristics of the elevator
control In level flight are presented in figure 27 in the form of the
variation of the elevator poslitlion required for trim with Mach mmber.
Control-position trim change is manifested between a Mach number of 0.87
and 0.95 at sea level and 40,000 feet. The comtrol-position trim change
is a function of variation of out-of-trim pltching moment with Mach nmm-
ber, change in control effectiveness, and movement of the neutral point.
The resultant change in trim, a tucking-under tendency, appears to be of
moderate magnitude. For exsmple, at 40,000 feet & maximm up-elevator
angle of sbout 5° 1s required for trim at a Mach mmber of 0.95.

An evaluation of the stick-fixed maneuver point in the Mach mummber
range between 0.80 and 1.20 indicated that the point 1s well behind the
most rearweard cemter-of-gravity position and the requirements for maneu-
vering stabllity are met.

Figures 28 to 31 present the control positions required for maneu-
vering at various accelerations as functions of Mach mmber. Figures 28
and 29 are curves for sea level and 140,000 feet, respectively, with the .
center of gravity located at 25 percent mean aerodynamic chord. Fig-'
ures 30 and 31 are also curves for sea level and 40,000 feet, respec~
tively, but with the center of gravity located at 20 percent mean aero-
dynemic chord. For example, filgure 29 shows that at a Mach mmber
of 1.20 an up-elevator deflection of 10° would produce 5g normal accel-
eration at 40,000 feet with the center of gravity located at 25 percent
mean aerodynamic chord.

Longitudinal comtrol forces: The elevator control force required
for trim in stralght and level flight at various Mach mmbers is pre-
sented in figure 32 for sea-level fllight and In figure 33 for flight
at 40,000 feet. The stick force per g is presented in figure 3k as a
function of Mach mmber. The stick forces are based on a conventional
airplane configurastion with 2° of elevator deflection for 1 inch of
stick movement. Therefore, these dats indicate the power required of a
control-boost system with no balancing and trimming devices. For exam-
ple, with the center of gravity at 25 percent mean aerodynsmic chord at
& Mach nunber of 1.20 the stick force per g based on measured hinge
moments 1ls ebout 900 pounds per g.

The varigtion of elevator comtrol force for trim with Mach mumber
(fig. 32) indlcated that pull forces were required at all speeds below
the trim speed and push forces were required at all speeds gbove the trim
speed within the range of Mach mmbers from 0.95 to 1.20. The opposite
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is true for Mach mmbers from 0.80 to 0.95, but the elevator angle for
trim in this range of Mach mmber increases with increasing Mach number.
Thus, the stick force would be in the correct sense with respect to stick
movement throughout the transonic region.

The elevator hinge-moment data cbteined for model 1 indicate a
force ‘reversal at high angles of attack (a 2 15°) at Mach mmbers
below 0.90. Model 2, which flew at angles of attack of sbout T° at
M = 0.90, d4id not show a hinge-moment reversal but did indicate hinge
moments near zexro.

Iongitudinal comtrol effectiveness.- The variation with Mach nunber
of the normal acceleration produced Jper unit of elevator deflection

% trim 1s presented 1n figure 35. At sea level a large variation in
elevator effectiveness was apparent from subsonic to low supersonic
speeds with minimm effectiveness occurring at a Mach number of 1..06 for
model 1 with the center-of-gravity location at 25 percent mean aerodyna-
mic choxrd and at a Mach number of 0.98 for models 2 and 3 with the
center-of-gravity location at 20 percent mean serodynamic chord. Suffi-
cient control for meneuvering is available as indicated by the fact that
10° elevator deflection will produce 5g acceleration at a Mach mmber
of 1.20 at 40,000 feet with the cemter of gravity located at 25 percent

mean aerodynamic chord.

c_stebility.- The characteristics of the stick-fixed short-
period longitudinal oscillations are presented in figures 36 to 38 for a
full-scale configuration. Military specifications for stability-and-
control characteristics of alrplanes require that the short-period
dynamic oscillation of normal acceleration produced by moving end quickly
releasing the elevator shall be damped tp 1/2 amplitude in 1 cycle (based
on free controls). The damping characteristics for the full-scale con-
figuration have been evaluated for the control-fixed conditlion although
there is a slight osclllation in the control position due to hinge-moment
effect which is apparent in figures 8 to 10. The fixed-control charac-
teristics would probably dictate the behavior of this airplane since it
would require some kind of control-boost system to aid the pilot in over-
coming the extremely large stick forces encountered in maneuvering. Fig-
ure 36, which gives the cycles required to damp to 1/2 amplitude as a
function of Mach number at sea level and at & 40,000-foot altitude, would
meet such a requirement for both conditions.

Figure 37 shows the time required for the short-period osclillations
of the full-scale airplaene to damp to half amplitude as a function of
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Mach muber at sea level and 40,000 feet. As can be seen from this
figure, Tl/2a decreases through the transonic region and reaches a

relatively constant value at about M = 1.20. Perilod as a function of
Mach number is shown in flgure 38 for sea level and 40,000 feet. Both
the time to damp to half amplitude and period indicate Iincreasing sta-
bility for the configuration with increasing Mach mmber in the tran-
sonic and low supersonic speed range.

CONCLUSIONS

From the results of a flight investigation made to evaluate the
aerodynamic characteristics and flying ‘qualities of models of a tallless

triangular-wing airplane configuration, the following general conclusions
are indicated for the Mach number range between 0.75 and 1.28:

Aerodynamic Cheracteristics

1. The 1ift coefficlents varied linearly in the angle-~-of-attack
test renge of ¥15°. The lift-curve slope c]-_u varied from 0.045 at a

Mach nunber M of 0.88 to a maximm of 0.055 at a Mach nmumber of 1.0
and then decreased to 0.0475 &t a Mach mmber of 1.20.

2. The hinge-moment coefficlent per degree of angle of attack
increased 200 percent between M = 0.85 and M = 1.20; whereas the
hihge-moment coefficlent per degree of elevator showed a corresponding
rise of 150 percent between M = 0.85 and M = 1.05. Both of these
values showed & gradusl decrease in the low supersonic region.

3. The elevator effectiveness decreased by approximately 40 percent
from a Mach mmber of 0.9 to 1.25. For example, with the center of
gravity at 20 percent mean aerodynamic chord, the rate of change of
pitching-moment coefficlent with elevator deflection cma at a Mach

nmmber of 0.9 was -0.015 and at a Mach mmber of 1.25 was ~0.009.

4. The configuration -tested. possessed static longitudinal stability
throughout the Mach mmiber range covered by these flight tests. The
value of Cp, (rate of change of pitching-moment coefficient with angle

of attack) increased from a minimum at M = 0.80 to a maximm at M = 1.15
with the center of gravity at 20 percent mean aerodynamic chord.

5. The aerodynamic center moved very gradually from & minimm of
42 percent of the mean aerodynamic chord at a Mach number of 0.80 to a
meximum of 54 percent of the mean aerodynamic chord at a Mach mmber
of 1.15.
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6. The damping parameters and coefficients indicated that the con-
figuration possessed dynemic longitudinal stebility throughout the tesat
speed range.

T. The models exhibited directional stability throughout the angle-
of-attack and speed ranges of the tests.

Flying Qualities

1. There is ample control for trim in level flight at sea level or
at altitude. At 40,000 feet a maximm up-elevator angle of about 5° is
required for trim at a Mach mmber of 0.96. The transonic trim change,
a tucking-under tendency, appears to be mild.

2. The elevator control remains effective in changing 1i1ft or angle
of attack over the entire speed range. The effectiveness of the elevator
in changing angle of attack, however, is reduced to ebout half of its
subsonic value at supersonic speeds. This change of effectliveness

occurs gradually.

5. With the center of gravity at 25 percent mean aerodynamic chord
the normal acceleration produced per degree elevator deflection 1s such
that about 10° up-elevator deflection is required to produce a 5g accel-
eration at 40,000 feet at a Mach mmber of 1.2. The corresponding stick
force per g based on the measured hinge moments is ebout 900 pounds per g,
a figure which gilves an indication of the power required of a control-

boost systenm.

4. According to militery requirements, the demping of the short-
period longitudinal oscillation is adequate over the speed range for
both sea-level conditions and at an altitude of 40,000 feet.

Langley Aeronautical Laboratory,
Rational Advisory Committee for Aeronautics,
Lengley Field, Va., December 7, 1949.
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APPENDIX
REDUCTION OF DATA AND METHODS OF ANALYSIS
Reduction of Data

Mach number.- The total pressures cbtained from the telemeter
records were reduced to Mach mmber by use of the following equations:

Subsonic:

%=(1+7'1M2)7E (1)

Supersonic:

(2)

1
e 7_:_1)7-1
7+ 1 7 + 1

vhere p, free-stream static pressure, was obtained from the reference
static~-pressure record in conjunction with radiosonde data. Models 1
and 5 reached & maximm altitude of 4,000 feet while model 2 atiained a
maximm of 4,700 feet. The Doppler velocimeter radar umit served as an
independent check of the Mach number obtained by reduction of the total
and reference statlc pressures.

Angle of attack.- S8ince angle-of-attack data were measured at a
point some distance ahead of the cenmter-of-gravity location, it was
necessary to correct these data for flight-path curvature and angulaxr
veloclity as desceribed in reference 1. The followlng equation was used:

- d en 1, Goy

a a1+v(|.,8hhgv+dt) (3)
Control position.- Prior to the flight test of each model a static

hinge-moment calibration of the comtrol system was conducted to determine

the amount of twist that would be encountered in the elevons and control

linkage under aerodynamic loads. The elevons were loaded at two .spanwise

stations and readings were taken at five points to measure the amount

of twist or deflection induced. Control-position data recorded

flight were corrected by the calibration obtained from the static test.
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Analysls of Aerodynemic Coefficients and Derivatives

The methods of analysls used herein apply to the free oscillatiom
resulting from & step function disturbance. The disturbance was created
by an approximately square-wave type of motion of the elevators moved
gbruptly between 1limit stops. The complete derivation of the equations
used will not be given hereln but the basic equations of motion are as
follows:

V(8 - &) = (CIua. + 0155) 57.3¢8 (%)
Ty6 = (Cmy® + OmgS + Cmgd + CmyB)5T7-3q88 (5)

In order to simplify the analysis and to permit the determination
of equations for the more Important aerodynamic derivatives, a mmber of
assumptions are necessary. It is assumed that, during the time interval
over which each calculation is made, the forward velocity is constant
and the aerodynamic forces anﬂ.maneubsvarylinea.rlywiththevaria
bles a, 5, and 6.

Figure 39 is a schematic plot showing a typical record of the con-
trol position and lift-coefficient responses following step deflections
of the aircraft control surfeces. At least three complete peaks of each
disturbance were necessary to obtain the trim lines shown in the oscil-
lations. Where three complete pesks were not present, sufficient accu-
racy in placing the trim line could not be ascertalned and such data
carried little weight in the apalysis.

Lift-curve slope.~ Several methods were tried for determining the
lift-curve slope with respect to angle of attack. The most expeditious

method found was to measure the instantaneous slopes %i—l-' and é—‘: at

a given Mach nunber. Care was exercised in using only the portioms of
the 1ift coefficlent and angle-of-attack time-history curves where the
slopes could be accurately ascertained. The effect of 1ift due to the

4oy,

flexibility of the elevator was eliminated by correcting e for the

1ift due to the deviation of the elevator deflection from & fixed value
at an Instantaneous time. The following relation exists:

1, = MIe-lA;::—BMa'l (6)

where AGI'El is the chenge in C; between 012 and, GI'J. taken over
a relatively straight portion of the 1ift time history as Indicated in
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figure 39 and AB, ; and Acp_y are incremental changes in & and o
over the same time interval. The value of cI'B used in this equation

vas & first approximation. Successive approximations and evaluations
were unnecessary.

After the corrected value of cI'u. wvas determined, 1t was then
possible to determine an exact value for cI'b’ the lift-curve slope due

to the elevons, from the portions of the time histories where the con-
trols were moving from one extreme position to the other. The following
relation exists:

_ (Acl-z-;)triﬁ - cIu(mQ-l)trm
Crg (MQ-l)trim (7)
The values of o, 8, and Cy are trim values as illustrated in figure 39.

Although (Aae-l)trim i1s not included in the illustration, it would be
obtalined in the same mammer.

The variation of trim 1ift coefficlent with respect to elevator
deflection cIa im was found by the same method used to find cI.a

The equation 1s

20L0.1) tpim
el %&e—»im

(8)

and the quantities used are again 1llustrated in figure 39.

The trim 1ift coefficients cL;; r4m corresponding to the trim ele-

vator deflections encountered in the tests were plotted against Mach
nunber in figure 15. Trim 1ift coefficients for elevator settings
between 15° were derived by using a linear relation between 1lift coeffi-
clent and elevon deflection at a constant Mach rumber.

Pitching moments.- The basic untrimmed pitching-moment coeffi-
clent c,,,o was calculated from the conventional moment-coefficient

equation solved for cmo as follows:

Cng = ~CmgStrin - (Cng)  Strim (9)
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The derivatives Cp, and Cmg were considered linear in the range of
the tests. The second term was eliminated by taking values of cI'br:Lm
for an elevetor deflection of 0° and dividing the first term by ch
to make cmo a function of the trim l1ift coefficient, or

Cmy = =OmgPtrim (10)
and
cmO - T %@I‘brm)aao (1)

The values of Cn, Were obtained as described in the section on longi-
tudinal stebility.

Hinge moments.- Hinge-moment data were reduced to coefficient form
and plotted directly against angle of attack for both up and down ele-~
vator deflection to obtain an approximate value of” Gh5 This value was

used In conJunction with the change in & due to cheanges in a« +to cor-
rect the values of the total hinge moment for constant elevator deflec-

tion as follows:
Or)oug = O + 250 i2)

The values obtalned were plotted as functions of time as were the values
of angle of attack. A metbod was derived to eliminate the effect of
phase leg between the two varisbles. Constant values of C, were chosen

on each side of an osclllation peak and a mean velue of o corresponding
to the constant value of C), was determined apalytically and graphically.

Finally, the corrected values of Cp and « were plotted for up and
down elevator to determine cha. and. Gha' There were indications that .

these values were linear and Gho, the hinge-moment coefficient at zero
angle of attack and elevator, was determined by direct interpolation.

Control effectiveness.~ The variation of trim angle of attack with
elevator deflection (%) was found by using the method 1llustrated

by figure 39 and the following equation: -
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Ay
- (Aaa.:lL - (13)

The resulting values were used to cbtaln the control-effectiveness
parameter C,',,,15 at a constant angle of attack in the following manner:

(o) o ™ @

The solution of cmm 1s presented in the discussion of longitudinal
stebllity which follows.

Longitudinal stability.~ Evaluastions of the longitudingl stability
were obtalned by analysis of the short-perlod escillations Induced by
the ebrupt control movements and shown in the angle-of-attack curves in
the time histories. The solution of Cpm,, the static longitudinal sta-

'bility derivative, is cobtained from the following equation as derived
from the simultaneous solution of the two equations of motiom:

%“%g[rgﬁ’f(%@)a] (15)

/2

A correction was applied to Gmu to eliminate the effect of elevon

flexibility and the second-order effects from the two-degrees-of-freedom
method of analyslis were neglected since they constituted less then
0.5 percent of the results.

The periods of the short-~period osclllation P were read from the
time-history curves and the time to damp the amplitudes to one-half
magnitude wes determined by the use of the following formmla:

=—0.603P
/e T Loy ) oo

where Ay and Ap were successive amplitudes above and below the neu-
tral axis of the angle-of-attack time history at the point where Tl /2
was sought.

The quentities Gma and. cIu.’ corrected for the effect of elevator
osclillations, were used in conjunction with the model center-of-gravity
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locations to determine the aerodynemic-center positions in percentages
of the mean aerodynamic chord. Reference 5 presents the following
relation:
aCm,,
Aerodynemic center = Center of gravity - {—— (17)

dc'['“ corrected

The dynamic-longitudinal-stability data were reduced to the form
of c‘"éa + cm&-c- by the following equation derived from the simmltaneous
o —

av
solution of the two equations of mobtion:
8y [0.695 57.501upv3)
* .+ Cpon = = > - (18)
cmg—;- = PV (Tl/a =

Flying-Qualities Analysis

Variation with Mech nunber of the control position required for
trim in level flight.- The trim 1ift coefficient C; for OV elevator
deflection was obtained by plotting values of Cj corresponding to con-

stant positive and negative elevetor deflections against Mach number,
and the variations were considered to be linear in the test renge. These
values were taken from the trim values of C; and 8 obtalned from the

time-history deta of the flight tests of the three models. The value
of Cp for 8 = 0° was obtained by inmterpolation. Values of O

for level flight for the full-scale airplane were cbtained from the
relation (cL)lg = ‘-’{{i. The difference between (cI')lg for straight and

level flight and Cp for 8 = 0° was divided by Cj to give B
for straight and level flight for various Mach numbers.

et = (Crhs - (°Irl-.r1m)8=oo (29)

Btrtn

Elevator control force for trim ageinst Mach nmumber.- A value of
deflection of elevator per inch of stick movement for a high-speed
fighter-type alrplane was assumed to be

-3-=-2°per1nch
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Values of hinge moment were obtained from the time-history plots of
models for corresponding 8i.i, Values against Mach mumber. The method

for determining trim lines was the seme as in figure 39. The value
of(g)t was obtained from
AB Jerim

(g) '= Hp - B )yun _ (AB2-1)trin (20)
A0/ trim (‘Q " ®)erin (22 trtn

At a given Mach number a value of hinge moment was read at a given ele-
vator deflection and corrected to the 8¢ny,, for straight and level

flight at sea~level conditions by

Hy, .. = - (81 - abrim)(%%)t tm (21)

If the hinge moment for 8y,;, for straight and level flight at sea-
level conditions 1s known, the elevator control forece is obtained by

__E B
Fesi3x (22)

wvhere H has been corrected to full sceale.

in normal acceleration for a corresponding change in elevator

deflection (%q)trim against Mach mmber.- Tn order to cbtain the

change in normal acceleration for a corresponding chenge in elevator
deflection against Mach number the values of C;, for level flight for

various Mach mmbers were divided by Cj (eq. (8)) so that for 1 g

the reciprocal of Lap is
AB Jtrim

] Ab=(%)’=ﬁ (23)

Stick force per g against Mach number.- The change in elevator
deflection required for a change in normal acceleration of 1 g, recip-

rocal of (g;-n)tm, was miltiplied by (%)tr.1111 (eq. (20)) to obtain the
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change in hinge moment required for a change in normal acceleration
AF

of 1 g. Then, for 3 In pounds per g,

T Boesa (B) a3 575 (24)

c stebllity.- The dynamic staebility of the airplene in terms
of period and demping of the short-period longitudinal oscillations was
determined from the oscillatlions of the model corrected to full-scale
conditions.

The correctlon factors were determined from a two-degree-of-freedom
method of analysis of the motion which assumes no changes in forward
speed during the oscillation. The period of the oscillation for the
airplane in terms of period for the model was cbtained from a ratio of
the Cp, equations for the two as

em\| Yo Bufn P
= By Va.:a.IYm o (25)

The time to demp to one-half amplitude for the airplane was determined
by the following relationship:

-SIY 57'30]:‘199118
o * iz ™ e (3125 T ) (26)

and equeted for model and airplane as follows:

2.693 o 57-331,“98.3'&“85 1 . IYmEaa . IY a.apa_Saca_ (o 693) (27)

T1/2a 3 e Ty mSy| |\Tr,emPuntu’ |\ -/2m

Flying-qualities specifications require that the short-period
oscillations demp to one-half amplitude in one complete cycle. .This
value was determined from the relation

Cl/ga = T—;fai (%)

for the representative full-scale airplane.



NACA TN 3753

1.

REFERENCES

Mitchell, Jesse L., and Peck, Robert F.: An NACA Vane-Type Angle-
of-Attack Indicator for Use &t Subsonic and Supersonic Speeds.
NACA TN 3441, 1955. (Supersedes NACA RM IQF28a.)

. Gilruth, R. R.: Requirements for Satisfactory Flying Qualities of

Airplanes. NACA Rep. 755, 19435. (Supersedes NACA ACR, Apr. 1941.)

lawrence, Ieslie F., and Summers, James L.: Wind-Tunnel Investiga-

tion of a Tailless Triangular-Wing Fighter Aircraft at Mach Numbers
From 0.5 to 1.5. NACA RM A9BL6, 1949,

Tucker, Warren A., and Nelson, Robert L.: Theoretical Characteristlics
in Supersonic Flow of Two Types of Control Surfaces on Triangular
Wings. NACA Rep. 939, 1949. (Supersedes NACA TN's 1600 and 1601

by Tucker and TN 1660

Phillips, Willism H.:

NACA Rep. 927, 1949.

by Tucker and Nelson.)

Appreciation and Prediction of Flying Qualities.
(Bupersedes NACA TN 1670.)




TABLE I

PHYSICAL CHARACTERISTICS (OF THE MODEL OF A TATLLESP TRIANGULAR-WING ATRPLANE

CORFIGURATION AND OF A REFRECENTATIVE FULL~SCALE CONFICGURATION

Full-scale
Nodel configuretion
Ares (fuselage included), g ££ « « o « « « o .. 6.25 425
w, ﬂ- e & = » B 4 & a s & & ® 5 & &8 » 5 & 2 a 5-& 31.35
Aﬂpec'b TALIO « ¢ ¢ o o 4t 4 2 e e s awes . . 2-51 2.51
Mean esrodypamic chord, £6 . . . . . . . “ s a s 2.19 18.08
Bweepback of leading edge, deg v e e e v e . 60 60
Dihedral (relative to mean 'bh:l.clmeua line), deg . . . 0 0
Taper retio (Tip chord/Root chord) « « = o o « o o & 0 0
AirfOil uction ¢ % & & @ 8 P P P S & 4 @ W " @& @ B @ m 65(%)%6!5”‘ 65(%)"&6.5
Vertical tail:

Ma (mﬂsm of malua), nq ft - a L ] [ ] L] L] a » L ] L ) O.m 76.0
Height {outeide of fuselage), Ft .+ « « « « « o « & » 0.97 9.31
m“mtlo 2% & 8 & = & s 4 ® B 2 B 2 & =3 = & S w @ gg% 2;%
Sweepback of leading edge, deg .« « ¢ s+ o » o o o s

Tsper ratio (Tip chord/Root 0 0
Afrfoll pectlon « « « ¢« o 5 o s s s . e s 8 s NACA 65(%)%6-5 RACA 65(%)%6 5

Klevon:

m L ] - a . L ] L ] » L] L ] L] L] L] - L ] - [ ] . L] le m - Ry =
Aree (aft of hinge 1ine, one) s8¢ 5 « « « « « « = & & 0.51 38.3
sm ‘b trm m of ‘m, OII.E) ﬂ . ° e L} l.?a bt =
Chord (hinge lins to trailing edge), £t . « « . + « « 03Tl = emeaa

€Gle NTL VOVN



TABIR IT

WEIGHT AND BALANCE DATA FOR MODEIS 1, 2, AND 5 AND FULL-SCALE

Configuration

Wing loading,
1b/eq £t

Center-of-grevity
poeition, percent M.A.C.

Moment of inertia,

Iy, slug-ft2

Rocket fuel included in models

H

A
2R

i

16.65

L B WY
| oW

17.93

T mmT o
-]

Full scale

27,2683

21,283
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Figure 3.- Bottom view of model.
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Figure 4.- Model-booster cambination on launcher.




Figure 5.- Photographe of launching of the modsl-booster combinaticon.
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Figure 6.- Instrumentation arrangement on a typical model.




Figure T.- Side view of moda]l showing deflected angle-of-attack sting.
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Figure 1l.- Variation of Reynolds mumiber with Mach number for flight of
the full-scale airplane at two altitudes and for flight model test
data.
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Figure 16.- Variation with Mach nmumber of the change in hinge-moment
coefficlents with respect to angle of attack and elevator
deflection.



NACA TN 3753

Figure 17.- Variation of the basic hinge-moment coefficlent at zero
angle of attack and zero elevator deflection with Mach mmber.
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Figure 18.- Change in 1ift coefficient with respect to elevator

Mach number, M

deflection as a function of Mach number.
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Figure 19.- Change in trim angle of attack with respect to elevator
deflection as a function of Mach number.
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Figure 20.- Change in pltching-moment coefficlent at a constant angle
of attack with respect to elevator deflection as a function of

Mach number.
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Figure 21.- Period of the short-period longlitudinal oscllletions as a

function of Mach number.
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Figure 22.- Pitching-moment-coefficient slope with respect to angle of

attack as a function of Mach number.
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Figure 23.- Aerodynamic-center position in percent of the mean
aerodynamic chord as a function of Mach mmber.
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Figure 2k4.- Variation with Mach mmber of the time required for the
short-period longitudinal oscilletions to damp to one-half
amplitude.
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Flgure 25.- Variation of the total damping coefficlent with Mach number.
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Figure 26.- Variation with Mach mmber of the angle of attack required
for trim in level flight at different altitudes and center-of-

gravity locations.
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Figure 27.- Varlation with Mach mmber of the elevator deflection
required for trim in level flight at different altitudes and
center-of-gravity locations. T - T
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Figure 28.-~ Variation with Mach mumber of the elevator deflettion
required to produce variocus normal accelerations at sea level
with the center of gravity at 25 percent mean aerodymamic chord.
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Figure 29.- Variation with Mach mumber of the elevator deflection
required to produce various normal accelerations at 40,000 feet
with the center of gravity at 25 percent mean aerodynemic chord.
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Figure 3l.- Variation with Mach mmber of the elevator deflection
required to produce various normal accelerations at 40,000 feet
with the center of gravity at 20 percent mean aerodynemic chord.
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Figure 32.- Variation with Mach number of the elevator-control force
required for trim in level flight at sea level for two center-of-
gravity locations. )
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Figure 33.- Variation with Mach mmber of the elevator-control force
required for trim in level flight at 40,000 feet for two center-

of-gravity locations.
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Figure 34.- Variation of the stick force per g with Mach mmber for
different center-of-gravity.locations.
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Figure 35.- Variation with Mach mmber of the normal acceleration

produced per unit elevator deflection at different altitudes and
center-of-gravity locations.
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Figure 36.- Variation with Mach mmber of the cycles reguired for the
short-period longitudinal oscillations of the full-scale configu-
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Figure 37.- Vaeriation with Mach number of the time required for the
short-period longitudinal oscillations of the full-scale configu-
ration to demp to one-half emplitude at different altitudes and
center-of-gravity locations.




56 NACA TN 3753

"4 USRS
~r—t~c.g. at Q20 MAC,, 40000ft—]
" N\ cg ot 025MAC, 40000ft—
| N\ //
. NNEEEE
O \ \\ /
? 8 \\ \Z
- < 1
al N ~ i
"C; e
2 6 .
& \7\
]
4 / \E\\
/ | _ ——
2 4 g at Q20M.AC., sea level A
c.g. af 0.25M.AQC,, sea level—

— |

|
07080 90 100 10 120 120
Mach number, M

Figure 38.- Variation with Mach mumber of the period of the short-
reriod longitudinal oscillations for the full-scale configuration
at different altitudes and center-of-gravity locatioms.
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